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A nearly continuous 3- - year sample of low-level wind data has been collected from 
anemometers mounted at five levels on the 250-foot (76.2-meter) meteorological tower 
at Wallops Island, Virginia. Fifteen-minute averages of speed and direction were read 
out a t  hourly intervals. 
discussed. Two types of statistical information - frequency-distribution data and sta- 
tistical parameters - w e r e  computed from the sample. 
The statistical treatment and the homogeneity of the sample a re  
The frequency-distribution information is of three types: (1) percentage probabil- 
ities of being less than o r  equal to a given value of wind speed; (2) wind-speed limits for 
selected percentiles; and (3) frequency of speed-direction groups. The use of each type 
of frequency information is briefly discussed. 
consider the gust component of surface winds, a method of obtaining peak winds from the 
percentile values (that is, from 15-minute averages) is summarized. 
Because some design applications must 
The tabulation of fundamental statistical parameters (for example , means, standard 
The parameters a r e  presented for 
deviations, and interlevel and intralevel correlation coefficients) provides further infor- 
mation on specific properties of the wind distribution. 
various combinations of hourly, monthly, and annual periods. 
drawn about the diurnal and seasonal variations in the statistical parameters. 
A few conclusions are 
The statistical data included in this report  provide the best available information on 
the low-level wind environment at Wallops Island and should be useful for  establishing 
d- eria and supporting launch operations at NASA Wallops Station. 
INTRODUCTION 
The winds at levels below-150 meters  (492 feet) are often called "ground" or 
'kurface" winds and are of considerable importance in  the design of large structures and 
in the operation of aircraft  during take-off and the approach and landing condition. 
Increased importance is placed on the knowledge of these winds for  the launch operations 
of sounding rockets and launch vehicles. These operations, because of their very nature, 
a r e  conducted in isolated areas where wind data a re  not generally available. The wind 
data from such isolated areas must be collected, therefore, for use in the design and 
operation of launch vehicles, design of ground structures, and planning of experiments. 
The usual procedure for  collecting surface wind data is by mounting anemometers on a 
pole or tower. 
Although meteorological towers a r e  now operating at several  locations within the 
United States (for example , Cape Kennedy, Florida; Brookhaven National Laboratory near 
Upton, New York; White Sands Missile Range, New Mexico; and Wallops Island, Virginia), 
only a limited number of statistical studies of the surface wind data have been published. 
A complete bibliography of research concerning surface winds and tower data is presented 
in reference 1. The data for Brookhaven (ref. 2) and for White Sands (ref. 3) a r e  of espe- 
cial interest because data were simultaneously recorded at several  altitude levels. 
Previous treatments of Wallops Island winds have been limited to altitude levels 
above 150 meters (ref. 4) or have been crude approximations based on low-level wind data 
collected at weather stations in the vicinity of Wallops Island (refs. 5 and 6). Conse- 
quently, no accurate statistical information on the surface wind environment at Wallops 
Island has been available. In order to provide the needed surface wind data for Wallops 
Island, anemometers were mounted at five levels on the 250-foot (76.2-meter) meteoro- 
logical tower. A 3- - year sample of data for each level of the tower has been analyzed 
and statistical summaries of these data a r e  included in this report. 
summary has been prepared primarily for support of range operations, planning of exper- 
iments, and design of structures for use at the NASA Wallops Station launching areas  on 
Wallops Island, Virginia. Because of the relative scarcity of data of the type presented, 
they a r e  also expected to be of interest  to meteorologists and climatologists. 
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This low-level wind 
DESCRIPTION O F  DATA 
Data Source 
All observations used in this study were made from anemometers mounted on the 
250-foot (76.2-meter) meteorological tower which is located on the southern part  of 
Wallops Island, Virginia. 
orological tower in relation to the other structures and terrain at Wallops Island. The 
island is approximately 2- kilometers 1- miles wide and about 9 kilometers 5- miles 
long and is located at 370 50' north latitude, 75O 29' west longitude. 
northeast-southwest and forms the Atlantic coast in this area.  The Atlantic Ocean is 
about 100 meters southeast of the tower. The island is separated from the Delmarva 
peninsula by extensive mud flats. The terrain of the island is very flat and sandy and has 
a sparse  coverage of grass and low shrubs. The primary obstructions are the assembly 
Figure 1 shows the location of the 250-foot (76.2-meter) mete- 
( f  ) (: ) 1 2 
The island extends 
2 
building located about 100 meters  to the south of the tower, an enclosed launching tower 
about 200 meters  south of the tower, the microwave relay tower to the west, and a water 
tower to the northeast of the meteorological tower. 
not expected to be significant for the type of data presented. 
The effects of these obstructions a r e  
Details of ‘the 250-foot (76.2-meter) meteorological tower are shown in figure 2. 
It is a rigidly braced, self-supporting (unguyed) structure. During the data collection 
period, aerovane anemometers were located at nominal tower levels of 50 feet, 100 feet, 
150 feet, 200 feet, and 250 feet. However, because of the mounting arrangements, the 
actual heights of the anemometers from the base of the tower were 54.3 feet (16.5 meters),  
104.3 feet (31.7 meters),  154.3 feet (46.9 meters),  204.3 feet (62.1 meters), and 
254.3 feet (77.3 meters). (The base of the tower is 6 feet (1.8 meters) above mean sea 
level.) The anemometers a r e  attached to 6-foot (1.8-meter) booms which extend hori- 
zontally from opposite corners of the tower. An automatic switching device was used to 
record data from the upwind side of the tower to minimize tower interference. Data 
from the active aerovanes were recorded in oscillograph form. 
Scope of Data 
The recording period of the data sample used in this statistical analysis was  from 
October 17, 1961, to March 31, 1965. 
tinuous wind data available for  Wallops Island. Data were  not recorded from any tower 
level during a 51-hour period on March 7, 8, and 9 of 1962 because of a power failure at 
Wallops Island. The power failure w a s  caused by flooding brought about by strong winds 
(the Ash Wednesday storm of 1962). 
other time during the last century. No attempt w a s  made to f i l l  in the missing data, and 
the period of missing data w a s  excluded from the sample used for the statistical analysis. 
This period is the longest period of nearly con- 
Similar s torm conditions had occurred only one 
Another factor which affected the number of discrete observations read from the 
1 
2 3- years of oscillograph records w a s  that on several occasions one o r  more anemometers 
failed to operate while data from the remaining anemometers at other tower levels were 
continuously recorded. 
each tower level derived from the 3- - year sample varied by as much as 10 percent. 
Consequently, the actual number of discrete observations for  
1 
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TFCEATMENT OF DATA SAMPLE 
Read-Out Procedure 
Fifteen-minute averages of the t races  of the oscillograph records were read graph- 
ically by the equal-area method from time t to t + 15 minutes for each hour (Eastern 
Standard Time) during the 3- - year period. Because of the large averaging period, the 




of the aerovane did not significantly influence accuracy of the read-out data. Speeds were 
read to the nearest whole mile per hour. However, all speed values were converted to 
whole meters  per second (a conversion factor of 0.447 being employed). Values of 1 mile 
per hour were converted to 1 meter per second, so only winds less than 0.5 mile per hour 
(0.2 meter per second) would appear in the tabulations as calm winds. Directions were 
read to the nearest lo, 5O, or loo during various periods of time. 
The oscillograph records were originally read out and tabulated by personnel at 
the Wallops Island Weather Bureau Support Facility. A statistical procedure developed 
by Dr. H. L. Crutcher of the National Weather Records Center (NWRC) w a s  used to verify 
the accuracy of the read-out values for  speed and direction. The 3--year sample w a s  
first divided into 42 calendar months. Because data were available for five altitude 
levels, the total sample consisted of 210 level-months. 
calendar month period a t  a specific altitude level.) The next step of this procedure was  
to select a random sample (by using random number procedure) of 5 level-months from 
the total sample of 210 level-months. The original oscillograph records for the 5 level- 
months in the random sample were then reread (by using the original read-out procedure) 
by NWRC personnel. Thus, two independent se t s  of read-out data were obtained for each 
of the 5 level-months. The vector difference between the two independent sets  of read- 
out data w a s  computed. The bias or arithmetic mean difference in estimating the vector 
mean wind (as inferred from the sample of five comparisons) was found to be about 
0.1 m/sec. The root-mean-square difference was about 0.8 m/sec. Accordingly, the 
differences between the two sets  of read-out data were small  enough to verify the 
accuracy of the original values for speed and direction read out by Wallops personnel. 
1 
2 
(A level-month is a sample for a 
Statistical Analysis 
After the accuracy of the tabulated data had been verified, the tabulated data from 
the entire 210 level-months sample were converted into punch cards. Copies of the 
original punch cards (or magnetic tapes) can be obtained from the National Weather 
Records Center (NWRC). All the statistical tabulations were performed on computers at 
the NWRC under a Langley Research Center contract L-74397. Four volumes of detailed 
winds-aloft summaries and one volume of interlevel correlation coefficients resulted from 
the contract. The five volumes included the following information: 
. 
'Copies of any of these five volumes can be obtained by writing to the Director, 
National Weather Records Center, Federal Building, Asheville, N.C. 28801. Reference 
should be made to NWRC Job No. 6774. 
4 
Volume 1 contains year-month-level summaries for 50- and 250-foot (15.24- and 
76.20-meter) levels (all hours combined) 
Volume 2 contains level-month summaries for 50- (15.24-), 100- (30.48-), 150- 
(45.72-), 200- (60.96-), and 250-foot (76.20-meter) levels (all years  combined) 
Volume 3 contains hour-month summaries for 50- and 250-foot (15.24- and 
76.20-meter) levels (all years  combined) 
Volume 4 contains annual summaries (all years combined) for 50-, loo-, 150-, 
200-, and 250-foot levels 
Volume 5 contains inter leve 1 correlation coefficients between velocity components 
at 50-, loo-, 150-, 200-, and 250-foot levels by month (all years  combined). 
Although the five volumes of statistical summaries supplied to Langley by NWRC 
provide a very detailed description of the surface wind environment at Wallops Island 
(which may be needed for special purposes), much of this statistical information is not 
essential to engineering applications. For this reason, two types of data - frequency- 
distribution data and fundamental statistical parameters - were extracted from the five 
volumes of winds-aloft summaries and a re  tabulated in this report. 
Frequency-distribution information.- The three types of frequency-distribution 
information presented in this report  a r e  as follows: (1) percentage probabilities of not 
exceeding a given value of wind speed, (2) wind speeds for selected percentiles, and 
(3) frequency of speed-direction combinations. Although these three frequency tabula- 
tions are related, each tabulation has a different use. The percentage probability of not 
exceeding a given value will suffice for  any application (for example, structural  design) 
where the direction of the wind is not a factor. The wind speeds associated with certain 
percentiles (for example, 50.0, 95.0, 99.0, and 99.9 percentiles) a r e  also used for design 
applications and can be modified to reflect the gustiness of the wind. On the other hand, 
the frequency of speed-direction combinations is used for applications (for example, 
vehicle launchings) where the combinations of direction and wind speeds a r e  important. 
Statistical parameters. - The statistical parameters tabulated in this report a r e  
defined as follows: 
3 - g n i t u d e  of vector mean wind: The resultant mean vector of the individual wind 
vectors in adistribution consists of the direction 
sured clockwise from true north) and speed lvrl. The direction and speed a r e  computed 
from the following relationships: 
8 from which the wind blows (mea- 
CX 8 = arctan- 
CY 
where 
X zonal (west-to-east) wind component 
Y meridional (south-to-north) wind component 
N number of observations used in computation 
Mean of zonal components: The mean of the zonal components is given by CX/N. 
Zonal components from the west are positive. 
Mean of meridional components: The mean of the meridional components is given 
by CY/N. Meridional components from the south are positive. 
Scalar mean wind: The scalar mean wind is given by the following relationship: 
- ’Pi1 V=- 
N 
where Vi is the observed wind speed. 
Standard deviation of zonal component ox: The standard deviation of the distribu- 
ax. Its value can be computed tion of individual zonal components of the observations is 
as follows: 
z x 2  ( C x y  
N - 1 N(N - 1) (3) 
Standard deviation of the meridional component uy: The standard deviation of the 
oy. I t s  value can be computed individual meridional components of the observations is 
as follows: 
CY2 ( C Y y  cy’ -- 
N - 1 N(N - 1) d 
Correlation coefficient of zonal and meridional components: Since the summaries 
of ax and oy are based on N - 1 degrees of freedom (that is, are estimates of the 
standard deviation of the population), the formula used to calculate rxy is as follows: 
NCXY - CXCY 
N(N - I)CJ~CJY 
rxy = . - 
6 
I 
This value is the correlation coefficient of the sample and tends totbe higher than the 
correlation coefficient of the population (especially when the sample is small). If it is 
desired to convert to the best estimate of correlation in the population Tm, i t  




If the value of rxy is very low, the quantity under the radical may be negative (and 
imaginary . In  such a case the correlation of the population should be considered 1 - rXY 
to be zero. 
Interlevel correlation coefficients r . .  * The interlevel correlation coefficients rij 
11 - 
give the correlations of the same components (zbnal or meridional) at two different alti- 
tudes Z i  and Zj .  The value of rij for the zonal component can be computed as 
follows: 
and for the meridional component as follows: 
NCYiYj - CYiCYj - 
'ij - N(N - l,("Y)i("y)j 
since rij = rji, only one-half of the symmetrical matrix of rij is computed. 
APPLICABILITY OF RESULTS 
For a relatively short record period such as is used here, the degree of homogeneity 
If the variation of the statistical parameters from year of the data is of especial interest. 
to year is great, values computed over only a few years may be poor estimates of the 
long-term value. On the other hand, if the year-to-year variation is small, averages 
over-even a relatively short period may form very useful estimates. 
fundamental statistical parameters (as defined in section "Treatment of Data") were com- 
puted for single years,  and their values for different years a r e  shown in table I. 
Table I(a) presents values for  the 50-foot (15.24-meter) tower level, and table I(b) pre- 
sents values fo r  the 250-foot (76.20-meter) tower level. Examination of the values in 
these tables indicates a reasonably good degree of homogeneity in the data, and it is con- 
cluded that the averages given in the report  a r e  indeed valid and useful estimates of the 
long-term values, although a longer record would, of course, be desirable. 
Values of several  
7 
PRESENTATION AND DISCUSSION OF STATISTICAL DATA 
Frequency Distribution Data 
Tables 11 contain the empirical cumulative percentage probability of wind speed 
(magnitude of the wind-velocity vector) being less than or equal to given speed values. 
This information will suffice for applications where wind direction is not a factor. 
Each table summarizes the probability information for a particular altitude level. 
given speed values are listed as column headings. 
speed less  than 0.2 m/sec.) 
ability of winds less  than o r  equal to some finite value is sometimes 100 percent. Of 
course, higher values may actually occur a t  some future time. Probabilities which were 
computed for each calendar month (all years  combined) make up the rows of each table. 
The last row in each table gives the average probability of occurrence at  the given alti- 
tude for a year 's  time. 
The 
(Walmtf is defined to be a wind 
Because of the limited record length, the calculated prob- 
For example, the probability that the wind speed does not exceed 12 m/sec at the 
This prob- 200-foot (60.96-meter) level during the month of June is found to be 95.4. 
ability means that the wind speed (from whatever direction) is expected to be less  than o r  
equal to 12  m/sec about 95.4 percent of the time during June a t  the 200-foot (60.96-meter) 
level. 
For some purposes (such as structural design), it may be necessary to use the 
probabilities in table I1 (which a re  based on a limited sample) to estimate the probability 
of occurrence of certain extreme wind conditions over periods of time longer than the 
sample. The procedure for estimating such a probability is to plot the probability of 
exceeding a given value of wind speed (obtained by subtracting the values in table 11 from 
unity) on a semilogarithmic scale as shown in figure 3(a) for  the annual period at the 
nominal 50-foot (15.24-meter) altitude level. For example, the extrapolated segment of 
the curve in figure 3(a) shows that the probability of a wind speed exceeding 26 m/sec is 
0.0035 (that is, a probability of 0.9965 of being less  than o r  equal to 26 m/sec). Fig- 
ures  3(b) to 3(e) a r e  similar plots for annual periods at the 100-foot (30.48-meter), 
150-foot (45.72-.meter), 200-foot (60.96-meter), and 250-foot (76.20-meter) levels, 
respectively . 
By interpolating values in table 11 and using the extrapolated values from figure 3, 
speed values corresponding to selected percentiles (often used as design criteria) can be 
determined for either monthly or annual periods. 
different month for different tower levels and percentiles, it wi l l  be left to the reader to 
compute the percentiles for  the combination of month and altitude level most relevant to a 
particular application. However, the 50.0, 95.0, 99.0, and 99.9 percentiles at each tower , 
Because the "windiest" month is a 
level for an annual period wi l l  suffice for many design application? and a r e  presented in 
table ID. 
It should be remembered that the wind limits corresponding to various percentiles 
were based on 15-minute averages and do not represent the peak wind condition associated 
with gusts. However, values of peak wind speed can be obtained by multiplying the 
15-minute average wind speeds by a gust factor (defined to be the ratio of the peak wind 
speed occurring during an averaging interval to average wind speed during the interval). 
John W. Kaufman, NASA George C. Marshall Space Flight Center, has carried out pre- 
liminary work (unpublished) using data from the 150-meter meteorological tower at 
Cape Kennedy; on the basis of this work he suggests that the value of gust factor decreases 
with height and increasing altitude level, but he concludes that a gust factor of 1.4 repre- 
sents a favorable design value fo r  winds from near the surface to 150 meters.  
findings support 3 gust factor value of 1.4 suggested in reference 6. Until a similar 
study of the gust characteristics of surface winds at Wallops Island can be made, it is 
recommended that a.gust factor of 1.4 be applied to the percentile values in table 111 to 
obtain a peak wind speed. For example , the 99.0-percent wind velocity a t  the 50-foot 
(15.24-meter) tower level is 12.8 m/sec and the peak value is 17.9 m/sec. 
These 
To define the gust characteristics further (for example, shape and power spectrum) 
at Wallops Island, fast-response anemometers have been mounted on the 250-foot 
(76.20-meter) tower at the same tower levels as the aerovanes. 
have been published (ref. 7); these data suggest that the wind-speed spectrum could be 
fitted very well with the -5/3 slope law up to a frequency of 1 cps and agree with the 
velocity spectrum presented in references 8 and 9. 
and turbulence at Wallops Island has  been obtained as part of a full-scale ground wind 
loads research program undertaken by Langley Research Center (ref. 10). 
Some preliminary data 
Further information about wind gusts 
Tables IV(a) and IV(b) present the frequency of wind-direction-speed combinations 
for various averaging periods and altitude levels. Table IV(a) presents empirically 
determined frequency data for the 250-foot (76.20-meter) altitude level for different 
calendar months. 
five tower levels. 
Table IV(b) presents annual summaries of frequency data for each of 
10 -The directions a r e  tabulated in  table IV in  22- increments (that is, by 16 rows in a 2 
table)+&= additional row is included for  specifying the frequency of occurrence of 
"calm" conditions (no measured wind speed). 
group. 
total number of times that the particular direction and speed group jointly occurred 
during the calender month represented by the table. 
section point of a row o r  column by the total number of observations listed in each table, 
the-percentage frequency of occurrence of the direction group by speed group can be 
Each column represents a different speed 
The numerical value at the intersection point of a row or column represents the 
By dividing the value at the inter- 
9 
obtained. 
direction groups can be calculated by adding the percentage frequency of occurrences of 
the individual groups. 
Percentage frequency of occurrence of combinations of several  speed and 
The totals of the observations in  each column of table IV are also expressed as per- 
centages and indicate the frequency of occurrence of each speed group (independent of 
direction). Similarly, the row totals a r e  expressed as percentages and indicate the fre- 
quency of occurrence of the wind-direction groups (independent of speed). 
centage frequencies of speed groups fo r  a given direction (that is, the percentage fre-  
quency with which a wind speed exceeds a given value in a given direction) can be obtained 
by dividing a particular column entry by the row total. 
Marginal per- 
Statistical Parameters  
Table V summarizes some fundamental statistical parameters - magnitude and 
direction of the vector mean wind, zonal, and meridional components of the means and 
the standard deviations, and intralevel component correlations - for  monthly and annual 
periods. These parameter values apply to the entire day without regard to the time of 
day. Values for individual hours of the day a re  given in table VI. Definitions of the 
statistical parameters a r e  given in "Treatment of Data. If This table is appropriate for 
applications where the time of day of exposure is not known o r  is random. 
Table VI presents hourly values (Eastern Standard Time) of the following statistical 
parameters: magnitude and direction of the vector mean wind, the scalar mean, zonal 
and meridional components of the means and standard deviations, and intralevel compo- 
nent correlations. (These parameters were defined in  "Treatment of Data. '') Each table 
permits the expected time of day of the exposure to be taken into account. Values for the 
lowest and highest tower levels - 50 feet (15.24 meters) and 250 feet (76.20 meters) - 
a re  given. 
Table VII presents values of the interlevel (zonal to zonal and meridional to merid- 
Each table presents the computed correlation coefficients ional) correlation coefficients. 
between corresponding wind components at the 50-, loo-, 150-, 200-, and 250-foot 
(15.24-, 30.48-, 45.72-, 60.96-, and 76.20-meter) tower levels for a particular calendar 
month. The upper half of each table contains parameter values for  the zonal (west-to- 
east) component and the lower half gives values for the meridional (south-to-north) com- 
ponent. For convenience, the mean and standard deviation and the number of observa- 
tions a re  also given at each tower level. The number of observations used in computing 
the interlevel correlation coefficients w a s  never less  than the smaller number of observa- 
tions a t  the two levels. The correlation coefficients between the zonal (or meridional) 
components at each tower level a r e  presented in  matrix form in the right-hand side of the 
tables. Since the correlation matrix is symmetric, only the lower triangular form of the 
matrix is presented. 
10 
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Most of the values of the correlation coefficients listed in table VII are larger  
than 0.9; thus, the wind components at the various tower levels are highly correlated 
(as might be expected over such a short  altitude difference and such a large averaging 
period). 
CONCLUDING REMARKS 
Ground winds at Wallops Island are important factors in both the design of struc- 
tures  and range operations at NASA Wallops Station. The statistical data included in 
this report  provide the best available information on the low-level wind environment at 
Wallops Island, Virginia. 
Aerovane anemometers mounted at 50-, loo-, 150-, 200-, and 250-foot (15.24-, 
30.48-, 45.72-, 60.96-, and 76.20-meter) levels on the 250-foot (76.20-meter) meteoro- 
logical tower at Wallops Island provided nearly continuous oscillograph recordings of 
wind speed and directions for a 3- - year period. Fifteen-minute averages of wind speed 
and direction were read from the oscillograph records at hourly intervals during the 
3- - year period. Although the 3- - year period was a limited sample, the estimates of 
fundamental statistical parameters computed for  individual calendar years  showed only 
small  year-to-year variations; this resul t  implies that the data included in the sample 
are relatively homogeneous and indicates that the statistical data given in the body of the 





The statistical information was divided into two types - frequency-distribution data 
and statistical parameters.  The frequency-distribution data are useful for  estimating the 
probability of certain wind conditions. In addition, the w ind-speed limits associated with 
certain percentiles (50.0, 95.0, 99.0, and 99.9) are useful for design criteria.  
the percentile limits were computed from 15-minute averages of wind speed, it is recom- 
mended that a gust factor of 1.4 be used to determine the peak wind speeds needed for 
design criteria at Wallops Island. 
Because 
The estimated values of fundamental statistical parameters provide information 
The tabulated parameter values about the specific properties of the wind distribution. 
for  h m d y  periods fail to reveal any consistent patterns of diurnal variation. The 
monthly tabulations of the direction of the vector mean wind 
vailing wind direction is northwesterly during the winter. 
vailing wind direction is southerly (reflecting the fact that sea breezes are most common 
during the late spring and summer months). 
the vector mean wind Ivrl are small  in relation to the values of the component standard 
deviation ox and oy and thus indicate a considerable variability of both speed and 
direction of surface winds. 
0 indicate that the pre- 
During the summer, the pre- 
The tabulated values of the magnitude of 
The tabulated values of the intralevel correlation coefficients 
11 
a r e  in most cases small, and many a r e  not significantly different from zero. 
other hand, the values of the interlevel correlation coefficients a r e  large and show that 
a strong linear relationship exists between winds at the various tower levels. 
On the 
Langley Research Center, 
National Aeronautics and Space Administration, 
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[Based on 15-minute a v e r a g e 4  





Apr.  I May I June 1 Ju ly  















5.47 5.43 5.24 
4.60 4.49 3.81 




1.31 -1.20 -1.00 0.35 -0.70 -0.34 
-.99 .10 .66 .35 -.04 -1.03 
















0.26 0.74 1.57 0.61 
1.02 1.35 1.12 1.29 
.42 2.18 2.10 1.58 










102 127 193 
169 198 212 




4.20 3.70 3.42 3.68 
4.01 3.18 3.41 2.52 




5.54 5.06 4.34 4.68 3.94 4.27 
4.34 4.31 3.90 3.56 3.13 3.42 





0.108 -0.148 0.394 0.612 0,140 0.177 
.111 -.359 .117 .148 .153 ,070 






























































5.26 5.31 I __. 
























































































































1963 1 -::%E I .051 1 1962 0.097 -0.139 
1964 -.015 
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TABLE I.- YEAR-MONTH SUMMAFtY OF VALUES OF SELECTED STATISTICAL PARAMETERS DESCRIBING WIND SPEED - Concluded 
[Based on 15-minute averages] 






Apr. I May I June 1 July I Aug. I Sept. 



























































6.08 6.03 5.74 5.45 6.41 6.56 
6.67 6.24 6.13 6.22 7.20 7.13 




-0.87 -0.87 0.32 
-.01 1.08 1.52 









3.60 0.91 1.14 
.69 1.81 2.03 























136 143 189 
179 208 220 










































































































































































































Correlat ion of zonal and meridional components, rxy 
.089 
I I I I I, 
15 
. .. ._ 
100-foot 30.48-meter) tower level 
200-foot (60.96-meter) tower level 
TABLE TI.- PERCENTAGE PROBABILITY O F  WIND SPEED BEING LESS THAN OR EQUAL TO GIVEN VALUE 
[Based on 15-minute averages) 
Month 
~- t Percentage probability of wind speed (m/s) being less than o r  equal to - 2 1 4  1 6  1 8  1 1 0  I 1 2  I 1 4  I 1 6  I 1 8  I 2 0  



























































































































































































































































































































































































































































































































































































































22.5 I 43.7 I 69.1 
250-foot (76.20-mt 
83.5 1 91.9 
r) tower level 
























































































































96.7 Annual 24.6 I 44.8 I 69.4 
16 







Based  on 15-minute averaged 
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57 31  
31  12 
Direction - 






































































































































TABLE IV.- FREQUENCY O F  SPEED-DIRECTION COMBINATIONS 
p a s e d  on 15-minute ave raged  
(a) 250-foot (16.20-meter) tower level 
Frequency at speeds of - 























































591 448 324 































































































































































































































































































































































































































































TABLE 1V.- FREQUENCY OF SPEED-DIRECTION COMBINATIONS - Continued 
[Based on 15-minute averages 1 

























































































































































































m/sec 5 t o 6  7 t o 8  































































































































































































































































































































































































6.8 __ 106 385 
4.9 I 17.9 566 22.6 I 26.3 


































TABLE IV.- FREQUENCY O F  SPEED-DIRECTION COMBINATIONS - Continued 
Eased on 15-minute a v e r a g e d  
(a) 250-foot (76.20-meter) tower level - Continued 
Frequency a t  speeds of 
Direction 
-~ 
1 t o 2  3 t o 4  




























































































































































































































































































































































































































































































TABLE W.- FREQUENCY OF SPEED-DIRECTION COMBINATIONS - Continued 
[Based on 15-minute a v e r a g e q  
63 89 
33 63 
6 1  52 
46 30  
33 ; 
l; 2 
43 1 47 5
12 
39 63 




49  60 
Direction m/sec 




































































































































































31 21  
19 15  
16 17 












Frequency a t  speeds of - 
October 
558 361 
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TABLE W.- FREQUENCI OF SPEED-DIRECTION COMBINATIONS - Continued 
E a s e d  on 15-minute ave raged  
(b) Annual period 




1 to 2 
m/sec 
~~ 




















5 t o 6  
m/sec 
13 to 14 I 15 to 16 I 17  to 18 I 19 to 20 













































































































































1 7 4 0  
1 6 0 7  








1 4 6 0  
1 7 3 9  






1 8 2 0  
1 6 5 5  








1 3 5 9  
1 7 3 9  
1 6 5 7  
2 599 
1 8 6 2  
342 
29 003 
1 8 4 4  
1 667 
1 8 1 9  
1 5 1 8  
1 3 0 2  
828 
1 0 1 8  




1 3 6 7  
1 749 
























6.7 I 2.6 281 I 72 1.0 I 0.2 5.2 























































































































































































































































































































































































































































TABLE 1V.- FREQUENCY OF SPEED-DIRECTION COMBINATIONS - Concluded 
E a s e d  on 15-minute averages] 
(b) Annual period - Concluded 
7 to 8 9 to 10 







































Frequency a t  speeds of - 









































































































































































































































1 8 0 7  
1 4 7 3  
1 8 8 1  
1 4 2 6  
1 2 7 4  
838 
952 





1 7 3 5  
1 6 0 4  
2 518 




1 6 1 2  
1 8 1 5  
1 3 1 7  
1 2 1 7  
782 
941 




1 4 3 7  
1 8 0 8  
1 844 
2 540 






































6 .1  
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6 .9  
7.2 
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TABLE V.- STATISTICAL DISTRIBUTION PARAMETER SUMMARY BY TOWER LEVEL 
d D  FOR MONTHLY AND ANNUAL PERIODS 
































-0.27 0.98 0.57 1.38 
-.16 .82 .56 1.80 
.10 1.22 .71 2.09 
.20 1.66 1.01 2.32 
.22 1.86 .85 1.97 
1.60 1.17 -0.65 
1.88 1.49 -.I1 
2.45 1.75 -.68 
2.24 1.68 -.54 





































-0.061 0.346 0.365 0.172 0.222 0.330 
-.001 .347 .350 .206 .253 .409 
-.040 .390 .355 .201 .233 .435 
-.Of39 .357 . .346 .212 .252 .407 





















3 9  
1.13 
1.11 













































100 1 30.48 
150 45.72 
200 60.96 
250 I 76.20 1.22 1.69 1.46 I 1.69 I






5.84 I 5.08 14.71 
6.53 6.01 5.60 
4.53 4 64 5.41 































7.26 6.73 6.22 
8.22 7.23 6.84 
8.00 1 6.78 6.34 6.21 5.88 6.21 6.31 1 5.73 6.82 6.33 5.72 6.91 
Mean of zonal  components, CX/N, m / s e c  
0.93 0 74 - 0 4 1  0 0 1  0 4 7  -0 04 -0 66 0.18 




1.36 1.15 -.23 .23 .87 .02 -.66 .23 
1.54 -.07 -.44 .51 
1.53 1 t: 1 1:; 1 :V& I 1:;; 1 .07 -.35 1 .41 








2 2  
.26 
.21 























































































266 1 224 
263 227 292 
287 
257 
259 293 262 I 209 
Standard devi: 
169 I 193 I 202 











































5.44 1 5.42 5.07 4.67 4.69 14.12 






3.61 3 76 4 74 4.13 





















































































































TABLE VI.- STATISTICAL DISTRIBUTION PARAMETERS BY HOUR OF DAY 
P a s e d  on 15-minute ave rageg  
Magnitude of vector mean wind lvrl, m/sec, f o r  month of - 











































































































































































May 1 June I July I Aug. 























































































































































































































































































































































































































































































































































































[Based on 15-minute a v e r a g e d  
Scalar mean wind v, m/sec, for month of - 
_ _ _ _ ~  








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VI.- STATISTICAL DISTRIBUTION PARAMETERS BY HOUR OF DAY - Continued 
[lased on 15-minute averages 1 
Mean of meridional component CY/N, m/sec, for month of - Hour, _ _  
Jan. LFeb.--[ gr. I Apr. 1 May 1 June I July I Aug. I Sept. 1 Oct. 1 Nov. 1 Dec. 
_ _ _  



















































































































































































































































































































































2 50-f oot (76.20-meter) tower level 




























































































































































































































































.01 -. 13 
-.29 








































TABLE VI.- STATISTICAL DISTRIBUTION PARAMETERS BY HOUR O F  DAY - Continued 



















































Direction of vector mean wind 8, deg, f o  
Jan. I Feb. I Mar. I Apr. I May I June 1 
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TABLE VI.- STATISTICAL DISTRIBUTION PARAMETERS BY HOUR OF DAY - Continued 
[Based on 15-minute averages] 
Standard deviation of zonal components, ox, m/sec, for  month of - 
Feb. I Mar. 1 Apr. I May 1 June  1 July I Aug. I Sept. I Oct. 















































































































































































































































































































































































































































































































































































































































































































































Standard deviation of meridional components oy, m/sec, for  month of - 
Feb. 1 Mar. ~~ ~ Apr. I May I June I July I Aug. 
50-foot (15.24-meter) tower level 
































































































































































































































































































































































































































































































































































































































































.159 _ -  
p a s e d  on 15-minute averages 1 






.034 - .003 
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TABLE M.- INTERLEVEL CORRELATION COEFFICIENTS 
















































































































































































































































































































































































































































































































































































































































































































































































































Fi i r e  1.- Location of t he  250-foot (76.20-meter) meteorological tower w i th  respect to te r ra in  at Wallops Island. L-62-296.1 



















P I  .1 





/ I , I I I . I I . I . I I . . . . . .  . ~. 
Magnitude of wind velocity,  m/sec 
(a) 50-fOOt (15.24-meter) tower level. 
P lo t  showing percentage probabil ity of exceeding given value of w i n d  speed for a n n u a l  period. 
38 
24 28 0 4 8 16 2 0  
Magnitude of wind velocity, m / s e c  
(b) 100-foot (30.48-meter) tower level. 














































































































Magnitude of wind velocity,  m/sec 
20 24  28 
(c) 150-foot (45.72-meter) tower level. 
















Magnitude of m i n d  velocity,  mlsec 
(d) ZOO-foot (60.96-meter) tower level. 






















































M a g n i t u d e  of w i n d  v e l o c i t y ,  m / s e c  
(e) 250-foot (76.20-meter) tower level. 
Figure 3.- Concluded. 
2 4  28 
NASA-Langley, 1968 - 20 L-5586 
12 16 20 
National Aeronautics and Space Administration 
WASHINGTON. D. C. 
OFFICIAL BUSINESS 
-
FIRST CLASS MAIL POSTAGE AND FEES PAW 
NATIONAL AERONAUTICS AND 
SPACE ADMINISlRATION 
POSTMASTER: If Unde l ive rab le  (Section 158 
P o s t a l  Manual)  Do Not Return 
-w 
"The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof ." 
-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing .knowledge. 
TECHNICAL NOTES: Information less broad in scope but nevertheless of 
importance as a contribution to existing knowledge. 
TECHNICAL MEMORANDUMS: Information receiving limited distribu- 
tion bscause of preliminary data, security classilkation, or other reasons. 
CONTRACTOR REPORTS: Scientific and technical information generated 
under a NASA contract or grant and considered an important contribution to 
existing knowledge. 
TECHhCAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 
SPECIAL PUBLICATIONS: Information derived from or of value to NASA 
activities. Publications include conference proceedings, monographs, data 
compilations, handbooks, sourcebooks, and special bibliographies. 
TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech- 
nology used by NASA that may be of particular interest in commercial and other 
non-aerospace applications. Publications include Tech Briefs, Technology 
Utilization Reports and Notes, and Technology Surveys. 
.I ' 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. PO546 
